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RESEARCH MEMORARDUM
COMPARISON OF NATIONAL BUREAU OF STANDARDS CERAMIC
COATINGS L- 7C AND A-417 ON TURBINE BLADES
IN A TURBOJET ENGINE
By C. Robert Morse
SUMMARY

An Investigation was conducted to deternm ne which of two ceramic
coatings L-7C and A-417 devel oped by the National Bureau of
Standards is the more suitable as & protective coabting for turbine
blades in a turbojet engine. Four cast Vitallium turbine blades,
two coated with each of these ceremicas, were installed in the
turbine wheel of a turbojet engine. Accelerated eyclic |ife tests
were run by subjecting the turbine wheel to 20-minute cycles, con-
sisting of 4-%‘- minutes at idling speed, 15 seconds Of acceleration,

15 minutes at rated speed,and 15 seconds of deceleration.

At the end of five cycles, coeting L-7C was rough and small
ceramnlic heads and radlal-flow lines appeared, lndicating that the
f usi on temperature of the cermmic coating had been exceeded.
Ceramic coating A-417 showed no evi dence of flow. At the conclu-
sion of 100 cycles, many of the L-7C beeds that were formed during
t he £irst five cyecles had. apparently been thrown of f but coatin
A- 417 st111 showed no evi dence of flow Both coatings flaked Off
to a alight extent at the tips of the blades but thie flaking was
probably the result of dents in the bl ades caused by foreign par-
ticles hitting the-bledes and by accidental contact with the tail
cone during work on the engi ne. El ongati on measurements ehowed
that the rate of elongetion of the coated blades was within the
same I ange as that of -new y oper at ed uncoated cest Vitallium blades.

The thickness of t he comting did not significently change
during the runs.

INTRODUCTION

The devel opment of turbojet engines has created an increasing
demend for high-strength materials for high-tenperature service.
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As a result, interest has been stinul ated in t he development Of
ceremics and ceremals f Or application i N oritical engine parts.
This i nt er est exists because Of certai n gensral advantages t hat
ceramics have over metals, such as, higher melting poinmts, | ower
densitiea, and more resistance t 0 erosi on and corrosion.

The National Bureau of Stendards ies conducting an extensive
program of research and development of high-temperature ceremics
and several ceramic coatings have been devel oped that may prove to
be of value as ooatinge for gas-turbine blades.

An investigation was conducted at the NACA Lewi s | aboratory
to determ ne the erosion resistance and adhesive qualities under
ectual conditions of engine operation of two of these ceramc
coatings as applied to uncooled turbine blades by t he Nati onal
Bureau of Stendards. Four cast Vitallium turbine bl ades, two
coated with each of the ceramlc coatings, L-7C and A-417, were
installed i n the "“turbine wheel ofa turbOJ et engine and Eu'b,jected.
t 0 20-mimute cycles conaisting of 5 minutes at idl e and 15 minutes
at rated speed.

Caet Vitallium bl ades wer e chosen f Or this investigation
because t hey were readily available as standasxd Servi ce perts and,
although there is no oxritical probl emof corrosion or erosion
Wi th these blades, t hey are suitable bases upon which t he ceramic
coatings could be applied.

APPARATUS AND METHODS

Composition and application Of ceremic coatings. - The National
Bureau of Standards appl | ed ceramic coatings to four new standard
cagt Vitallium | - 40 turbine bl ades, whi oh were installed i N locations
approxi mat el y 90° apart (fig. 1). The remai nder of the blades in
the turbine wheel were uncoat ed cast Vitallium. Information
regarding t he application of the coatings 1s summarized in table |.

The coefficients of thermal expansion were 6.5 X 1076 per °r
from 35° _gsoo F, 4.45 x 1076 per °p from 35° to 900° F, and
8.14 x 1078 per °F from70%to 900° F for L-7C, A-417, and cast a
Vitallium, reaspectively.

The surface preparation of the cast Vitallium blades consisted
of the complete renoval of oil end grease.The coatings were
applied with a spray gun. Detailed information on the oonpoeition,
preparation, and recommended applicatlon of the ceremic coatings
Is givenin tables IT to V.
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Engins operation. -The engine was nounted on a pendul umtype
sea-level test stand and was operated with AN-F-32 fuel. Engine
speed was neasured with a chronometric tachoneter. Gas temperature
was neasured at the exhaust-cone outlet by 14 unshiel ded chromei-
alumel thermocouples equal | y spaced sbout the Circunference and
extending radially 2 inches into the tail cone. The gas temperature
at the exhaust-cone outlet was controlled by a variable-area jet
nozzle. Turbi ne-bl ade elongation was measured by means of a dial
indicator in conjunction with a jig fastened to the hub of the
turbine wheel

Cyclic engine-service runs were made with the fol | owi ng sequence
of operation, which was designated one cycle:

Total runni ng|Engi ne speed |Turbine |Exhaust -cone
tine (rpm) tip speedttenperature
(nin)| (sec) (£t/sec) (°F)
4 30 |4000£50 288 1100 nax.
15 |Acceleration|--------- 145050
15 11,500¢50 829 1240:20
15 |Decelerationf-------- 1260 max.

The engine was stopped at the end of each series of five cycles.
At the end of the first five cycles and at the end of each series of
25 cycles, the blades were visually inspected and neasured for el ong-
ation and phot ographs were taken of the ceramlc-coated bl ades. A
mrror was placed in front of the turbine blades in order that the
phot ographs m ght show both the |eading edge and the concave side
of the blades. The total engine operating tine for the investiga-
tion was 33 hours and 20 minutes (100 cycles).

RESULTS AND DISCUSSION

A ceram c-coated bl ade before installation in the engine is
shown in figure 2.. The coated blades had no previous running time
and the appearance of all Pour blades wassinilar. Figure 1 shows
the locations of the ceramic-coabted bl ades in the turbine wheel
Blade 1 is shown in figure 3 after five operating cycles. During
this £irst run, coating L-7C became rough and small ceram c beads
and radial-flow lines appeared (probably as a result of the starting
t enper at ures, whi ch may have exceeded the 1650° F fusion temperature
of the material). Turbine bl ade 3 had thi s same appeerance. Bl ade?2
after the first five cycles is shown in figure 4. This A 417 coating,
whi ch has a fusion temperature of 1850° ¥, showed no evi dence of flow.
The appearance of blade 4was simllar.
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Blades'1 and 2 at the end of 100 cycles are shown in figures 5
and 6,respectively. Many of the ceram c beads (comting L-7C), which
were formed during the first five cycles, have disappeared but
coat f ngA- 417 shows no evidence of flow. Both coatings flaked of f
somewhat at the tfp of the blades, but this flaking is probably the
result of dents in the blades caused by foreign particles hitting
the blades and by accidental contact with the tail cone while it
was being removed in Order to inspect the turbine wheel.

0got

The average elongation of the ceram c-coated blades was 0.65 per-
cent at the end of 100 cycles. This value i S compared with an average
el ongation of 0.57 percent for newy operated cast Vitellium blades
at the emd 0f 105 cycl es (reference 1). The difference i S not con-
si der ed significant., Conparison of the elongation of the ceramic-
coated blades with that of the uncoat edbl ades in the same Wheel
was impossible beceuse the uncoeted blades were not new at the
begi nning of the programand rate of elongation changes wWith oper-
ating time.

The National Bureau of Standards messured the coating thicknesses
bef or e and after the runs with an estimeted accuracy of about
+£0,0002 i nch. As shown in table I, there was no significant change
in t he thickness of coating A-417. The L-7C coating showed a meas-
ureable i ncrease in t he apparent coating thickness, whi ch was caused
by t he roughness resulting from fusion during the runrat herthan
by a true increase in thickness.

SUMMARY OF RESULTS

The results of the investigation conducted to determ ne the
suitability of National Bureau of Standards ceram ¢ coatings L-7C
and A-417 for turbine bl ades in a turbojet engine nay be sumarized
as fol | ows:

1, Ceram c coating A-417 showed. no evidence of fusion during
| o0 operating cycles.

2. Ceramc coating L-7C showed evi dence of fusion and radial
flow, indicating that the 1650° F fusion temperature Of the coeting
is too | ow for satisfactory service operation in the turbojet engine.
At the concl usion of 100 cycles, meny of the ceram c beads on
coating L-7C, which were formed during the first five cycles, had
been thrown off.
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3. Both of the ceramlc coatings flaked offaat the bl ade tips
but t hi s £laking was probably entirely t he result of collision with

forei gn particles and contact with the tail cone during inspection
of the turbine wheel.

4. Elongation measurements shoved that the rate of elongation
of the coated bl ades was approximetely the sane as that of newly
operated uncoat ed cast Vitallium bledss.

5. Measurements Of the coztings before and efter the runs
indicated that there was no significent change i n thickness.

Levwis Flight Propulsion Iaboretory, .
Nat i onal Advi sory Committee for Aesronsutics,
C evel and, Onio.
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TABLE I - APPLICATION OF CERAMIC COATINGS

Number  [Firing|Firing | Average thickmess’
Coating|Blade|of coats|tine |temper-{Before run |After run
(min) |ature (in.) (in.)
(°r)
L-7C 1 2 10 1650 0.0013 0.0022
L-7c 3 2 10 1650 .0014 0028
A-417 2 1 10 1850 0012 0019
A- 417 4 1 10 1850 .0014 .0011

*Allthickness measurements Were nade W t h National Bureau
of Standerds el ectroni ¢ thickness gage.

TABILE II - COMPOSITION OF CERAMIC COATINGS

Coating
L-7c A-417

| Conponent s (parte by wt)|(perts by wt)
it 228R 70 = |eececmccccceca-
Frit 331R = |emmceeecamaa- 70
Chrom ¢ oxi de (technical 30 30

grade)

Enameling clay 6 6
Water 50 s0

20T -«
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TABLE TIT - RECOMMENDED PREPARATTON AND APPLICATION

OF CERAMIC COATINGS

Coetling
I.-7C A-417

Recommended milling in . 54,000 20,000
l-gal-jar mill, revolutlons

Aver age particls size after 0.027 0. 027
miiling, mm

Recommended specific grevity 1.56 1.66
for spraey application

Recommended thickness Of 0.0015 - 0.0030|0.0015 - 0\.0030
application, In.

Recomeandsd firing tempera- 3. 650 1850
ture °F

A S
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TABLE IV - CALCULATED OXIDE COMPOSITIONS OF

FRITS 228R AND 331R

Silicon di oxi de, SiOs
Titanium di oxi de, TiOs
Aluninam oxide, AlsOxz
Borom trioxide, BaOs
Potassium oxide, E20
Sodium oxi de, RapO

Cal ci um oxide, Cal
Barium monoxide, BaC
Lead monoxide, PbO
Beryllium oxi de, BeO
Zinc oxi de, zno
Calcium flworide, CaFo
Cobaltous oxi de, co00
Nlckelous cxlde, N1O

Manganous oxide, MnOo

Frit
228R 331R
(percent by wt)|(percent by wt)
51.9 38.0
50  |eemceccccccanea
3 R P
8.9 6.5
52 = |eeecocccccoca--
3.7 |- NWI - - -
s - Wee - 4.0
"""""""" 44.0
50 = |eee=meeeeeaccaaa
--------------- 2.5
--------------- 5.0
7 R e —
LT [ —
- S PO
R O
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TABIE V - CALCULATED OXIDE COMPOSITIONS OF COATINGS

Coating
L-7c A- 417

(percent by wt)| (percent by wt)
Silicon dioxide, s10s 37.5 28.3
Ti tani um di oxi de, TiOp T T P —
Aluminum oXi de, Alp03z 5.5 1.8
chrom c oxide, Crp0z 28.6 28.6
Bor on trioxide, Bz03 6.0 4.3
Pot assi um oxide, K20 3.5 = |eeeemmcccac——a-
Sodi um oxide, Nag0 <7 A S
Cal ci um oxi de, Ca0  |~=wecccccemce=s 2.7 .
Bari um oxide, Bao - W W - W - 29.3
Lead monoxide, PbO 3.3 |eemmecccecceeme——-—
Beryllium oxi de, BeO [M-------- W - 1.7
Zinc oxide, Zn0 = = |~m-ececccecmaa-- 3.3
Cal cium fluoride, CaFp 1.7 |eecemcmmmmaecea
Cobal t ous oxi de, CoO 1.0 |ee—eccacca—eae-
Nickeloue OXi de; RNiO 3 We-eooe-- W a
- s oxide, MnOp .2 MWW
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Blade 3,
coating L-7C -

———

IBlade 4,
coanting A-41

Figure 1. - Ceramic-coated cast Vitallium blades installed in turbi ne vheel before runs.






NACA RM No. EBI20

|
! C- 20650
2.10.48

1030

S AT LA e L s s bbailiin ki v - L e b

1]

(b) Concave slde.

(a) Comvex side,

Fgure 2. - Turbine blade yith csramic coating A-417 befors run.
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Figure 3.
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Figure 3. - Conoluded.
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C-20559
1.30-48

(b) Trailing edge and ccnvex ai de.

Turbine bl ade 1 after five engi ne operating cycles (1 hr, 40 min).
Ceramic coating L-7C.
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' C-20569
Ty 1-29-48

(a) Leading edge and mirreor reflection of concave aide.

Figure 4. - Turbine bl ade 2 after five engine operating cycles (1 hr, 40 min). Ceramic
coating A-417
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(b) Trailing edge and comvex side.

Figure 4. - Concluded, Turbine blade 2 after five engine operating eycles (1 hr, 40 min}).
Ceramic coating A-417.
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C-20910
3.17-.48

(a) Leading edge and mirror reflection of concave side.

Figure 5. =Turbine bl ade 1 after 100 engine operating eycles (33 hr, 20 min). Ceramlc
coating L-7C.
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Figure 5. ~ Conocluded,

c-20911
3-17-.48

(b) Trailing edge and convex side.

Turbine blade 1 after 100 engine opersting cycles (33 hr, 20 min).
Ceramic coating I1I~7C.

25
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(a) Leading edge and mirror reflection of concave side.

Figure 6. - Turbine blade 2 after 100 engine operating oycles (33 hr, 20 min). Ceramlic
coating A-417.
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Figure 6.

= Concluded.
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c-20912
3-.17-.48

(b) Treiling edge &nd convex side.

Turbine blade 2 after 100 engine operating cycles (33 hr, 20 min).
Ceremic coeting h-417.
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